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Adsorption and desorption of oxytetracycline on typical soils and 
soil-adsorbed oxytetracycline’s bioavailability 
PENG Feng-jiao, YING Guang-guo*, ZHOU Li-jun, LIU You-sheng, PAN Chang-gui and LIANG Yan-qiu 
(State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 
510640, China) 
Abstract: This study investigated the adsorption and desorption of OTC in three different soils by using batch 
equilibrium tests, and assessed the biological activity of soil-adsorbed OTC by using E.coli ATCC 25922 as the 
experimental strain. The results showed that the data of adsorption and desorption for OTC on all soils were well 
fitted with both Freundlich and Langmuir models. Both adsorption and desorption isotherms of OTC on the 
Cinnamon soil were linear, while those for the Forest soil and Red soil were nonlinear. The Langmuir model gave 
better fitting than Freundlich model for all three soils. An adsorption-desorption hysteresis phenomenon was 
observed in all the three soils. The bioavailability experiments with E. coli showed that the adsorbed OTC was still 
active against bacteria. 
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0 ? ? 
????????????????????
??????????????????????[1]?
???, ???, 2009 ????????? 2.27 ? t, 
?? 1.3067 ? t ????????????[1]??
??, 2010 ????????? 21 ? t, ?? 48%
???????????, 42%????????, 
10%????[2]????????????????
???[3–5]?Chen et al.[6]???????????, 
?????? OTC ????? 354 mg/kg, ???
????? 15.5~29.0 μg/kg??????????
???????????????????[7]??
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?????????????[6, 8]????????
??????????????????????
??? [9–10], ????????????????
?????????????[11]???, ????
??????????????????? 
OTC???????????????(?? 1
??)[12], ?????? pH ??????????
????????????, OTC ???????
?[13–14]??????[12,15]?????[16–17]?, ??
??????????????????????
OTC ?????????????(?????pH
?????????(CEC?)???????)??
???????[18–19]???, Laak et al.[20]????
???(pH????????????CEC ???
?????????????)????????
?????????????(PLS), ??????
??????????????? 
????????????????????
????????????[21]?????????
??????????????????????
???????, ??????????????
???????[22–23]??????????, ???
?????????????????????[24]?
?????[25]????????????????
?[11]???????????????????? 
??????????????????[26]???, 
??????????????????????
?????[26–28], ??????????????
?????????????, ??????[26]? 
???? OTC ???????/??????
?????? [20,28–31], ????????????
??????????????????????
?????????????????????
????, ????? OTC ???????, ??
????????(??????????????
?? )???? /??????????????
OTC ?????, ??????????????
???????????? 
1 ????? 
1.1 ???? 
????????????????????
???????, ??????????, ????
????????????????? 0~20 cm?
??????????????????, ???
???????????, ??????????
?????????; ????????????
?????????; ????????, ???
????, ????????, ???????? 
 
? 1 OTC??? 
Fig.1 The chemical structure of oxytetracycline 
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????; ?? LC-MS/MS ??????????
??, ???????????????????
???(0.95 μg/kg)????????? 20 ???
?????????????? 1? 
1.2 ???? 
?????????(??>97%), ?????
?????????; HCl? HNO3???????
??; ?????????? Sigma-Aldrich ??; 
??????????Merck??; MH?????
???????(EMB)????????????
??????; NA??????????????
???????????? 
1.3  ??????????? 
????: ?????(E. coli ATCC 25922)??
???? : ?–18 ℃????????? (E. coli 
ATCC 25922), ??????????????, ?
????????????(EMB)???, ???
???????(37±0.2) ℃?? 24 h; ?????
??????????(37±0.2) ℃?200 r/min??
???????? 18 h, ???????? : ?
0.85%????????????? 10%????
??????? 1.5 mL?????4 ℃?? 30 min
??–18 ℃??? 
1.4 ???? 
1.4.1 OTC 的吸附/解吸实验 
??: ?????? OECD guideline 106??
???[32]??????????????(0.5 g) ?
????(??? 0.0001 g)? 50 mL???????
??, ???????? 3?(121 ℃, 15 psi, 20 min), 
??? 60 ℃??; ???????? OTC ???
??????? CaCl2, ???????? 20 mL, 
CaCl2????? 10 mmol/L??? OTC???? 1?
2?5?10?20?40 mg/L???????, ????
?? 360o???(25±1) ℃?20 r/min?????? 
?????????? 24 h; ??? 9130 g???
?? 10 min, ???? 1 mL, ? 0.22 µm????, 
?? 5 µL 6 mol/L HCl???? pH?? 2~3, ??
? OTC ????????[33], HPLC ??????
?? OTC???? Ce??????? 3???, ?
?????????????, ????????
???????(1)?? OTC ???????? Cs 
(mg/kg)?? OTC???????????????
????????? 0.1 g/40 mL, ???????? 
Cs = (C0–Ce) V/W             (1) 
Cs??????????(mg/kg); C0??????
???(mg/L); Ce ??????????????
?(mg/L); V?????(L); W?????(kg)? 
??: ??????? 16 mL ????, ??
16 mL 10 mmol/L CaCl2??, ???? 24 h, ??
??? , ???? , ????????? , ???
? OTC ???? Ce,??????(2)???????
??? OTC?????????? Q ??(mg)? 
Q ?? = Ce,??V1–Ce,??V2         (2) 
Q ????????, ?????????????
?(mg); Ce,????????, ?????????
(mg/L); Ce,????????, ?????????
(mg/L); V1??????, ?????(L); V2???
???, ???????(L)? 
???????????????; ????
??????????????? 36 mL ???, 
?????? 36 mL 10 mmol/L CaCl2??, ???
??????????? 
1.4.2 土壤吸附态抗生素的生物活性实验 
??????????????, ?????
?, ???? 0.5 mL? 0.1 mL??(E. coli ATCC 
25922 ??? 0.5 ????)? 2×MH ?????, 
????????????, ?? 37 ℃, 200 r/min
???????? 24 h; ???, ???????
? 18 h?, ?????????? CFU??; ??
???? 3???? 
 
表 1 供试土壤基本理化性质 
Table 1 Physico-chemical properties of the selected top soil samples (< 2 mm) 
?????? (%) 
???? pH ??? 
(g/kg) 
CEC 
(cmol/kg) < 0.002 mm 0.002~0.02 mm 0.02~0.063 mm 0.063~2 mm 
?? 7.6±0.2 10.4 6.4±0.2 21.7±4.2 39.7±2.7 28.8±9.9 9.8±4.0 
?? 4.3±0.1 13.4 25.7±0.1 10.3±1.7 42.9±10.6 22.9±3.9 23.9±9.3 
??? 3.5±0.1 42.7 7.4±0.2 8.5±3.9 42.3±8.4 7.6±2.5 41.6±6.7 
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1.5 HPLC???? 
OTC????? 1200???????????
?????????(UV), ????? 360 nm; ?
??? Zorbax Eclipse XDB-C18(4.6×150 mm, 5 μm); 
??????(A)????(B)(1‰??+10 mmol/L
???); ???????0 min10%A, 3 min40%A, 
5 min80%A, 6 min10%A, 11 min10%A; ?????
? 0.8 mL/min, ?????? 100 μL??????, 
OTC ????, ?????????????7 ?
????(0.05 mg/L)? 10 ??????????
(LOQ), ? 2.47 μg/L, OTC ?????????, 
????? 0.05 ~40 mg/L? 
1.6 ???? 
??????????????, ??/???
???? Sigmaplot10????????? SPSS13.0
???????? t??????????????  
2 ??????? 
2.1 OTC??????????? 
???? OTC ?????????????
????????????????? 
Freundlich?? 
Cs=Kf Ce1/n                      (3) 
Cs?????? OTC ?(mg/kg); Ce??????
OTC??(mg/L); Kf?????, ??????, ?
??????, ? Kf,des?? Kf; 1/n???, ???
????????????????? 
Langmuir?? 
       1/qe=1/Qm+1/(KLQmCe)          (4) 
qe??????????, ????(3)?? Cs; KL
???????????? , ???????? , 
?????? KL,des??; Qm? OTC ??????
???????(mg/kg)? 
???? 2???????? OTC?????
??????????, ????, Freundlich ??
?? Langmuir??????????????, ?
????? [34]????? [35]?????????
???? Sigmaplot ????????/?????
??????????? 2 ???? 2 ??, OTC
????????????? Kf???? 73.998?
1883.045? 2631.040, ?? OTC????????
???????, ??? OTC ???????, ?
?????, ???????? 2 ? 1/n ?(0.869)
?? OTC????????????????, ?
?????????(R>0.99); ????????
????????????????n ?????
???????????, n ???? 1, ????
?[36]???, ?? 2? 1/n???????????
???????????????; ?? 2 ???
????? R ???, Langmuir ????????
??? 2??? Langmuir????? OTC????
???????????/??????? 
??? SPSS13.0 ?? OTC ????????
???, ??????????????????
????(p<0.05), ?????????????
???(p>0.05)???? OTC ?????????
??????????? OTC ????????
????[37–38]??? 1 ????, ?????(pH= 
7.6±0.2), ?????????????, ????
???????????????, ??????
?????, ? pH? 4~6?, OTC???????
????????,  OTC0 ??????????
??????????????????[13,14,20,28], 
?????????[14]???????, ????
??????? OTC ??????? CEC ??
25.73 cmol/kg, ????????????????
CEC ???, OTC ?????, ????????
?????????????????????? 
 
表 2 OTC 与土壤的吸附/解吸模型参数 
Table 2 Parameters of the fitted sorption/desorption models for OTC adsorption on soils 
? ? ? ? 
Freundlich?? Langmuir?? Freundlich?? Langmuir?? ???? 
Kf 1/n R Qm (mg/kg) KL R Kf,des 1/n R Qm (mg/kg) KL R 
???? 73.998 0.869 0.999 3885.590 0.017 0.999 93.611 0.977 0.999 18215.137 0.005 0.999
????? 1883.045 0.433 0.980 7997.970 0.257 0.992 2579.980 0.599 0.995 9466.558 0.403 0.995
???? 2631.040 0.454 0.988 10565.545 0.319 0.987 3930.382 0.750 0.997 20248.970 0.256 0.999
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? 2 Langmuir????? OTC?????????/?
???? 
Fig.2 Sorption and desorption isotherms of OTC in three soils fitted 
by Langmuir model 
 
???????????? OTC ???[20], ??
OTC????????????????????
??? 42.66 g/kg, ????????(??? 10.39 g/kg
? 13.44 g/kg), ???????????????
?????(????????)????????
??????????? OTC??????[17, 39, 40], 
??????????? OTC??? MacKay et 
al.[16]??????????? OTC, ? Kd ??
5500 kg/L, ?????OTC??????????
?????????, ????????????
???, ????? pH????, CEC?????
?????, ?? OTC????????????
??????????????????????
CEC?, ??? OTC???????????, OTC
???????????????????? 
2.2 OTC??????????? 
?? Langmuir ????????? OTC ??
??????????,?? 2?????????
????????????????? 2??? 2
????, Freundlich????? OTC??????
???????????? Kf,des ???? 93.611?
2579.98? 33930.383, ?? OTC????????
??????????? 2????, Langmuir??
??? OTC ????????????? , ?
Langmuir ????? OTC ??????????
????????????OTC????????
???????????????Huang et al. [41]?
??????? HI (Hysteresis Index), ?????
?????????, HI????: 
HI =
s e
d s
s
T C
q q
q
               (5) 
?(5)? qs? qd????????????????
????(mg/kg); T ? Ce???????????
??????HI? 0?????????????
?, ?? 0 ?????????????????
??? 25 ℃?????????? OTC????
????? HI ?(? 3)?????, ??????, 
? OTC ??????, ? HI ?????????
????, HI?? OTC????????????
??????????, HI?? OTC??????
??; ?????, HI?? OTC????????; 
???? OTC ? HI ?????????????
???? OTC????????????????
??[42]???????????? OTC ????
???, ??????????????????
42.66 g/kg, ????????, ?? OTC????
???????????????????, ??
??????????????????????
?????????????? OTC??????
??????????? 2?? 2??, ??????
?????(40 mg/L)?, OTC ??????????
??????????(3885.59 mg/kg), ??????
?????? OTC ???????(10565.55 mg/kg), 
??????????(7007.47 mg/kg)??????
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???(7997.97 mg/kg), ???? OTC?????
????, ???????????? 3??, ??
???? OTC???????, ????????
??, ??????????????? OTC??
?????, OTC ??????????, ???
?????????????? SPSS13.0????
?? HI ?????, ?????????? HI ?
???????(p<0.05), ??????????
??????, HI??????????(p>0.1)? 
 
表 3 OTC 在三种土壤中的解吸滞后指数 HI 
Table 3 Hysteresis indexes for the desorption of OTC in three soils 
Ce (mg/kg) ? ? ??? ? ? 
0.5 0.423 0.743 0.576 
1 0.431 0.662 0.610 
2 0.448 0.556 0.662 
5 0.496 0.406 0.748 
10 0.574 0.317 0.808 
 
2.3 OTC???????????? 
OTC ????????????, ?????
?OTC? E.coli ATCC 25922????????? 4
??????? E.coli ATCC 25922???????
??????: 
???= 
CFU CFU
CFU
未加抗生素土样 -加抗生素土样
未加抗生素土样 ×100%  (6) 
?? 4?????, ?????? OTC???
????????, ??????? OTC????
??, ????????????? OTC ? E.coli 
ATCC 25922 ????????????????
120 mg/kg ?, ??????????????(?
??>50%???? Chander et al.[26]???????
????????????, ?????, ???
(2500 mg/kg)????????????????
????????, ??? OTC ?????????
?, ????????????/??????????
???, ????????, ???????????
????????, ???????????????
?????????????[26]?????, ????
???????????????????????/
????????????Thiele-Bruhn[43]?????
??????, ????????????????
?, ???????????, ?? pH ??????
????????????????????? 
 
表 4 土壤吸附态 OTC 对 E.coli ATCC 25922 的抗菌活性 
Table 4 Antibacterial activity of soil-bound OTC to E.coli ATCC 25922 
? ? ??? ? ? 
C0 (mg/kg) 
Cs (mg/kg) ??? Cs (mg/kg) ??? Cs (mg/kg) ??? 
1 27.259 11.732% 350.315 95.015% 363.242 98.823% 
2 51.632 27.471% 707.781 99.667% 730.922 99.871% 
5 119.309 49.646% 1583.938 99.948% 1799.052 99.974% 
10 246.093 88.775% 3132.494 100% 3476.238 100% 
20 470.450 99.873% 4929.053 100% 5892.333 100% 
40 893.526 99.912% 7007.467 100% 9264.241 100% 
 
3 ? ? 
(1) OTC???????????????/?
???? Freundlich??? Langmuir??????
???, ? Langmuir??????????OTC?
??????/???????????(?? pH
??CEC ????????)????????pH
?????, ????? OTC?????????
????????? OTC??????????? 
(2) OTC???????/?????????
?????????(p<0.05), ????????
???, ?????, ?????OTC ?????
???????????????, ??????
????????????? 
(3) OTC??????? E.coli ATCC 25922?
???????, ??????????????
?/???????????? 
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